(OSHPD) Annual Utilization Report of Hospitals for 1990 through 1997 was used to identify ''Primary Care'' hospitals, ''Non-CCS NICUs,'' and ''Other'' locations, which includes US military hospitals, birthing centers, births at uncoded facilities, and births at facilities without licensed perinatal beds. 12 The percent of very-low-birth-weight (VLBW) births, percent of Ultra-Low-birth-weight (ULBW=500-749 g) births, and the number of deaths associated with congenital anomalies 13 were used as markers of acuity. Differences in odds of these three outcomes (relative to Regional NICUs) were compared across time for each level using the c-squared analysis.
Deaths occurring during the first 28 days of life (neonatal deaths) were assigned to the hospital of birth, regardless of neonatal transport and location of death. Level-specific differences in VLBW neonatal mortality across time were assessed using c-squared analysis.
We also compared neonatal mortality across levels. To adjust for the possibility of level-specific differences in the birth of twins and higher-order births, these comparisons were limited to singleton births. To adjust for level-specific differences in the percentage of potentially unavoidable deaths, neonatal deaths associated with severe congenital anomalies (557-757 per year) were also excluded. Because of underreporting of congenital anomalies on the birth certificate, 14 neonates whose official ICD-9 cause of death was coded 740 through 759.9 were considered ''deaths due to lethal congenital anomalies.'' A comparison of birth certificate newborn complication codes and death certificate ICD-9 codes suggests that relying on complications codes would not have fully eliminated deaths associated with lethal congenital anomalies. Differences in singleton mortality not associated with lethal congenital abnormalities were assessed across levels of care by calculating odds ratios and 95% confidence intervals.
All analyses were initially carried out using data for each of the 7 years. For ease of presentation, market share analyses compare years 1990 and 1997, and mortality analyses compare years 1990 to 1991 and 1996 to 1997. Analyses were conducted using SAS for Windows version 8.1. 15 
RESULTS

Changes in the Locations of California Births
Between 1990 and 1997, live births in California decreased by 14% from 607,987 to 522,130. The number of birthing facilities also decreased from 427 to 352, due primarily to the closure or discontinuation of birthing services in ''Other location'' facilities. During the same period, the number of hospitals with NICUs increased from 136 to 162. Whereas the number of Regional NICU hospitals with delivery services remained constant at 20 and there were slight decreases in Intermediate NICUs (32-26) and in Table 1 Total Live Births and the Number of Birthing Facilities by Level of Care, California, 1990 to 1997   1990  1991  1992  1993  1994  1995  1996  1997   Live births  607,987  605,525  597,614  581,513  564,284  548,607  536,242  522,130  Level of care  Total facilities  427  422  400  391  379  361  358  352  Primary care ( total )  179  168  165  160  157  148  144  148  Non -CCS NICU ( total )  67  70  70  66  59  66  65  64  Non -CCS NICU  67  69  64  57  47  48  45  42  Primary!Non -CCS  1  6  9  10  16  18  20  Other!Non -CCS  2  2  2  2  Intermediate NICU  32  31  30  24  30  29  28  26  Intermediate  32  31  28  21  20  19  17  14  Primary!Intermediate  4  4  4  4  Non -CCS!Intermediate  2  3  5  5  6  7  Other!Intermediate  1  1  1  1  Community NICU ( total )  17  18  25  39  44  45  48  52  Community  17  17  17  17  17  17  17  17  Primary!Community  1  2  3  3  3  4  Intermediate!Community  4  11  13  13  15  17  Non -CCS!Community  1  3  9  11  12  13  14  Regional NICU ( total )  20  20  20  20  20  20  20  20  Other Locations ( total )  112  115  90  82  69  53  53  42 Level Table 2 ). Figure 1 shows the changes in the percent of California's VLBW infants cared for in Regional and Community NICU hospitals.
There are two mechanisms by which a hospital's change in level produces shifts in the distribution of market share across levels. The first mechanism is ''carryover.'' When an institution changes its designation, e.g., from Intermediate NICU to Community NICU, it brings its patients to the new designation. In this example, one would expect that there would be a decrease in the percentage of live births at the Intermediate level and an increase in live births at the Community level due to ''carryover.'' The second mechanism can be called ''increment.'' When a hospital evolves to a higher designation, the expanded services indicated by the higher designation may attract new patients (from other levels), providing an additional ''gain'' in the market share of the hospital's new level. By comparing a level's market share in 1997 with its 1990 market share based on the level's 1997 roster of hospitals (regardless of their designation in 1990), ''carryover'' is controlled for, and it is possible to estimate the extent of an expanded or decreased 1997 share that represents the ''gain'' or ''loss'' of births due to increment. This approach was used to estimate the extent of ''gain'' or ''loss'' for each level of care over the 8-year period (Table 3) . Table 3 shows 1990 and 1997 level-specific distributions of live births, VLBW births, and ULBW births using hospitals' 1997 levels of care for both years. It also shows the change (gain or loss) due to increment as a percentage (% in 1997À% in 1990) and as the number of 1997 births gained or lost. Between 1990 and 1997, Regional NICUs lost 5.2% of California's live births (26, 920 ) and the 42 birthing facilities designated as Other Locations in 1997 lost 2.0% of live births (9263) due to increment. The largest gain in live births was experienced by the 148 facilities that were Primary Care in 1997. In 1990, these hospitals delivered 20% of California's live births. By 1997, their market share had increased to 23.3%, a gain of 3.3% of all Californian births (17, 453) . The gain for Intermediate NICU, Non-CCS NICU, and Community NICU hospitals ranged from 1.1% to 1.4% of live births. It is important to note that although there had been a rapid expansion in the number of Community NICUs between 1990 and 1997, less than one-fifth of the births lost by the Regional NICUs and Other Location facilities due to increment could be accounted for by this expansion ( Table 3) .
The Regional NICU level's loss of 9.3% (489) of the state's VLBW births and 7.9% (88) of the state's ULBW infants was an even more dramatic ''deregionalization'' than its loss of live births (Table 3) . At the same time, consistent with the goals of regionalization, there was a shift of high-risk VLBW and ULBW infants out of Primary Care and ''Other'' delivery sites. Whereas almost half of the high-risk births ''lost'' by Regional, Primary Care, and Other hospitals was shifted to Community NICUs, it is important to note that the remainder was shifted to facilities with only Intermediate and Non-CCS NICUs.
Changes in the Acuity of Births by Level of Care
A concern of the Regional NICU hospitals has been that their loss of births was selective, did not include the most fragile infants, and produced a case mix with an increasing proportion of very small births and births with complex congenital abnormalities. To investigate this claim, we compared the percent of births that were VLBW, the percent that were ULBW, and the rate of deaths associated with congenital abnormalities for each level of care during 1990 to 1991 and 1996 to 1997. ''Other Locations'' facilities were not included in these analyses due to their small number of births. Although we would have liked to include measures of acuity based upon condition at birth, 16 Apgar scores and physiologic measures are not available on the California birth certificate. During both time periods, the acuity seen in each level of care matched its functional designation. For all three measures, acuity was always highest in Regional NICUs and lowest in Primary Care facilities. For example, in 1990 to 1991, Regional NICU versus Primary Care facility acuity was 1.98% vs 0.32% for VLBW, 0.37% vs 0.07% for ULBW, and 2.21 vs 0.81 deaths due to congenital anomalies per 1000 live births (Table 4) . Regional NICU acuity excess was calculated using the formula: [100Â(difference in percent at Regional NICU and percent at another level)/(percent at this other level)]. The above comparison to Primary Care represents a Regional NICU acuity excess of 514%, 450%, and 172% for VLBW, ULBW, and congenital anomaly deaths, respectively (Table 4) . In 1990 to 1991, the acuity seen in Regional NICU facilities was 56% to 75% higher than that experienced in Community NICUs, 73% to 81% higher than in Intermediate NICUs, and 117% to 188% higher than in Non-CCS NICU facilities. To estimate changes in the acuity experienced by the Regional NICU hospitals, we compared their acuity excess in 1990 to 1991 to that in 1996 to 1997. Over this period, Regional NICU acuity excess compared with Community NICU hospitals showed a trend towards increase for percent VLBW (59% excess increased to 71% excess, p=0.06). However, relative to Community NICUs, there was no evidence that Regional centers had acquired a disproportionate share of ULBW births (56% vs 58%, p=0.92) or infants with fatal congenital anomalies (75% vs 106%, p=0.20). The most dramatic change in acuity was seen in hospitals with Intermediate NICUs, where, relative to Regional centers, there was a significant decrease in both the percent of VLBW births and births with fatal congenital anomalies ( (Table 5 ). VLBW mortality rates decreased in Primary Care hospitals and hospitals with Non-CCS, Community, and Regional NICUs by 19.1% to 29.9% ( p<0.001).
Although there was a 13.1% mortality decrease in hospitals with Intermediate NICUs, this decrease was not statistically significant ( p=0.11) ( Table 5 ). Figure 2 compares the decrease in VLBW mortality for Community NICU and Regional NICU hospitals, including Primary Care as a reference. The mortality and morbidity experienced by a NICU are dependent upon the ability of the unit to effectively care for its patients and their medical complexity. Adjusting for differences in complexity of case mix is essential for a meaningful comparison of outcomes across both individual and groups of NICUs. As severity of illness scores 16 were not available on the vital statistics records used for this analysis, we attempted to control for gross differences in case mix by restricting our mortality analyses to singleton births whose cause of death did not include congenital anomalies, and by examining birth weightspecific mortality for infants weighing 500 to 749, 750 to 999, and 1000 to 1500 g (Table 6 ). Table 6 compares the mortality experienced by this cohort prior to the rapid expansion of Community NICUs (1990 NICUs ( -1991 to the mortality recorded when the wave of rapid expansion had subsided (1996-1997). Across this time period, each level of care experienced a dramatic decrease in mortality for all VLBW weight categories. In Table 7 , the mortality for infants born at each level of care is formally compared to the mortality for infants born at hospitals with Regional NICUs and to the mortality for infants born at hospitals with Community NICUs. In this table, an odds ratio greater than 1.0 indicates a risk of death that is higher than the reference level. If the 95% confidence interval associated with the odds ratio does not include 1.0, the finding is statistically significant at p<0.05. To facilitate interpretation of the table, significant findings are in bold font.
For all VLBW infants, there was no mortality disadvantage in being born at a Community rather than a Regional facility in either 1990 to 1991 or 1996 to 1997. However, compared to births at a Regional facility, VLBW births at a self-designated Non-CCS NICU were associated with a 20% and 38% higher neonatal mortality, and VLBW births at a Primary Care hospital with a 65% and 61% higher mortality (Table 7) . Although VLBW birth at an Intermediate NICU hospital did not have a survival disadvantage in 1990 to 1991, by 1996 to 1997, a significant survival disadvantage had emerged.
Neonatal mortality for 500-to 749-g ULBW infants born in Community NICU hospitals did not differ from those born at Regional centers during either time period. During 1990 to 1991, a survival disadvantage was seen only for ULBW infants born at Primary Care facilities. By 1996 to 1997, significant survival disadvantages had also emerged for ULBW infants born at hospitals with Intermediate and Non-CCS NICUs. These findings may indicate that the rate of improvement in mortality for ULBW infants born at hospitals with Regional and Community NICUs had exceeded the rates of improvement for infants born and cared for at, or transferred out of, Intermediate and Non-CCS NICUs. However, at the limits of viability, mortality is influenced by both the ability and the intention to treat. 17 It is possible that the delivery of some of these tiny infants at the Intermediate and Non-CCS NICU hospitals may represent a deliberate strategy for minimal intervention.
During both time periods, mortalities at 750 to 1000 g were similar in Community and Regional NICUs and significantly higher for births at Primary Care and Intermediate NICU hospitals. For both time periods, there was a trend of survival disadvantage for birth at a Non-CCS NICU (Table 7) .
For 1000-to 1499-g infants, differential survival by level of care was seen in 1990 to 1991, but not in 1996 to 1997. The absence of a level-specific survival advantage (and in some cases a Regional NICU survival disadvantage) has been reported in larger low-birth-weight infants and is felt to result from the selective prenatal referral and birth of infants with complex conditions at higher-level facilities. 18 
CONCLUSIONS
At the inception of modern perinatal medicine, the benefits of advanced care and the scarcity and high cost of both the sophisticated equipment and experienced personnel required to effectively apply this new technology led to the adoption of perinatal regionalization. Perinatal regionalization is a systems approach based upon three levels of care, accessible maternal and infant transport, and regional education. This model was rapidly incorporated across the US and contributed greatly to the improvement in perinatal outcomes. 19 -24 By the late 1980s, the widespread availability of neonatologists, highly trained nurses and respiratory therapists, user-friendly NICU equipment, microblood gas and laboratory tests; the introduction of effective approaches to reducing the severity of respiratory distress syndrome (RDS); and the development of transport teams capable of initiating care en route to their Level III centers allowed an expansion of regionalization's three levels of care. Fueled by changes in the health care system, diffusion of technology into the community led to a new locus of advanced perinatal care -the Level II+ or IIIÀ Community NICU. Across the country, many of these units were self-designated, and there has been great concern about their capabilities and effectiveness. 5, 7 Because they attracted births away from hospitals with Level III NICUs, their growth has often been considered to represent ''deregionalization.'' California's rapid increase in the number of Community NICUs from 17 to 52 during the period 1990 to 1997 provided an opportunity to investigate the effect of this ''deregionalization'' on the distribution of births, acuity, and neonatal mortality.
In California, the spectrum of care (unrestricted ventilation at any birth weight, no major surgery), space, personnel, and equipment requirements for the Community NICU designation have been established by CCS, based upon the recommendations of a panel of neonatologists. Official CCS designation allows a NICU to receive state reimbursement for NICU services and requires a formal application, an onsite visit by an accreditation team, and yearly reporting of birth weight-specific clinical activity, morbidity, and mortality. Another coordinated feedback effort includes the annual calculation of confidential, level-specific, risk-adjusted neonatal mortality ratios for all California hospitals under the auspices of the State Maternal and Child Health Program. These data are distributed to each hospital for local quality improvement by the staff of each perinatal region. Given this system of designation, monitoring, and feedback, we found no difference in the mortality of VLBW singletons that were born in Community or Regional NICUs during 1990 to 1991 or 1996 to 1997 (Table 4) . At the end of the expansion period, 1996 to 1997, VLBW infants born at hospitals with Community or Regional NICUs had a 33% to 60% survival advantage over those born at Primary Care, Intermediate, and Non-CCS NICU hospitals. Furthermore, because of the expansion of Community NICUs, the combined percentage of VLBW infants born at Community and Regional NICUs increased from 48.2% in 1990 to 64.6% in 1997.
Our finding of a significant VLBW survival disadvantage for VLBW births at Primary Care and Intermediate NICUs has been reported in several recent studies, emphasizing that reducing the number of VLBW infants born at Primary Care and Intermediate NICUs continues to be an important goal of regionalization.
3,25 -27 In 
Gould et al.
Community -Based Perinatal Care in California keeping with this goal, the percent of VLBW born at Primary Care facilities decreased from 11.1% to 7.0%, and the percent born at Intermediate NICUs was reduced from 20.0% to 9.2% (Table 2) . Our findings support concern over the quality of care provided by self-designated NICUs. 7 We identified a survival disadvantage of 33% to 38% for VLBW infants born at hospitals with self-designated (i.e. Non-CCS) NICUs. Unfortunately, between 1990 and 1997, there was little decrease in the Non-CCS NICUs' share of VLBW births (19-18.1%). Whereas some of these self-designated NICUs may be delivering effective Community or Regional level care, as a group, their case mix (Table 4 ) and VLBW survival (Table 7) fit the Intermediate NICU profile. An important goal for regionalization in California would be to encourage these units to apply for official designation and to provide NICU care that is commensurate with their designation.
There are several limitations of this analysis. Our data did not allow us to assess several important aspects of regionalization such as issues of cost, duplication of services, or potential differential outcomes of maternal and infant transport. Given these limitations, our major focus was to estimate the quality of care provided by the rapidly increasing numbers of Community NICUs. Our finding of a marked survival disadvantage for VLBW infants born in Primary Care and Intermediate hospitals compared to infants born in hospitals with Regional NICUs is similar to the findings recently reported by Cifuentes et al. 28 Their analysis, however, does suggest that there may be a survival disadvantage for some Community NICUs. Cifuentes et al. found that California Community NICUs in 1992 to 1993 showed a mortality disadvantage in Community NICUs with an average daily census less than 15, but no mortality disadvantage for Community NICUs with an average daily census of at least 15. It is important to note that Cifuentes et al. included self-designated NICUs in their classifications. We found that VLBW infants born in hospitals with officially designated Community NICUs showed no survival disadvantage compared to infants born at hospitals with Regional NICUs, but self-designated Non-CCS NICUs did show a mortality disadvantage. Of the 68 officially and self-designated Community level NICUs in the Cifuentes et al. study, we show that only 25 of these were officially designated as Community NICUs by CCS in 1992, and only 39 in 1993. Further analysis will be needed to assess the contribution of low volume and the contribution of self-designation status to the mortality disadvantage in small Community NICUs.
Our study was also limited because our vital records database did not include morbidity or acuity measures based upon physiologic status, such as Apgar, SNAP, or CRIB scores; 16 other markers of severity, such as length of stay; or reliable information on complications or infant transport. An important concern of the Regional NICUs was that their loss of births had been selective, resulting in a more complex case mix. Although our analysis of time trends in the percent of ULBW and VLBW births and deaths due to congenital anomalies suggests that the acuity of infants born at Regional hospitals did not dramatically increase, our measures of acuity lack the potential sensitivity of physiologically based estimates. Because our data source did not contain transport information, we were unable to investigate the possibility of an increase in the acuity of infants who fail local treatment efforts and require transport to a Regional NICU. While beyond the scope of this investigation, assessing changes in the acuity, timing of referral, and outcomes of transported infants is essential to understanding the overall impact of the diffusion of technology into the community.
It is also important to note that although VLBW mortality is a reasonable starting point in comparing levels of care, it may not provide the most sensitive measure of differences in quality. Although a more accurate picture could be provided by measures such as riskadjusted length of stay, rates of processes such as antenatal steroid use, rates of short-term complications such as bronchopulmonary dysplasia or nosocomial infection, and rates of long-term developmental outcomes, such measures were not available on the vital records used for this study.
In summary, California's well-established system for infant transport and the availability of both highly trained personnel and user-friendly technology have allowed the rapid growth of the Community NICU. Although this expansion has attracted births away from Regional NICU hospitals, we do not consider this to represent deregionalization, as we found no evidence that it has created a mismatch between level of need and level of care. Although our indicator of mismatch (i.e., level-specific neonatal mortality in singletons without associated lethal congenital abnormality) does not provide the potential sensitivity of more detailed, risk-adjusted measures that include morbidity as well as mortality, in their absence, we find the similarity in VLBW mortality between births at Regional and Community level hospitals reassuring. Although we consider the growth of the Community NICU as part of the evolving face of regionalization, it is important to note that in California, these units have been officially designated based upon application and onsite assessment, are monitored by CCS with respect to annual activity and outcomes, and exist within an ongoing State Maternal and Child Health Branch-supported program for quality improvement. We believe that the strength of this infrastructure has been essential to the success of the Community NICU in caring for VLBW infants who require ventilation.
